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Technical  Summary 

Three  important  processes  which  are  used  to  grow  single  crystals  of  semiconductors  are 
being  developed  at  AFRL  in  Hanscom  AFB  which  are  the  vertical  gradient  freezing  process 
using  submerged  heater  growth,  the  vertical  Bridgman  process  using  submerged  heater  growth, 
and  the  magnetic  liquid-encapsulated  Czochralski  process.  These  processes  as  well  as  the 
Bridgman- Stockbarger  process  have  been  investigated.  During  the  growth  of  any 
semiconductor,  a  major  objective  is  to  minimize  segregation  of  dopant  or  alloy  components  in 
the  crystal.  Because  molten  semiconductors  are  excellent  electrical  conductors,  magnetic  fields 
or  electric  fields  or  a  combination  of  both  can  be  used  to  control  the  melt  motion  and  thus  the 
convective  species  transport  during  growth  in  order  to  promote  compositional  homogeneity. 
Asymptotic  and  numerical  models  using  Chebyshev  spectral  collocation  methods  are  developed. 
Key  results  are  summarized  here. 

The  traditional  Bridgman-Stockbarger  process  in  steady  magnetic  fields  produces  crystals 
with  severe  segregation.  Therefore  other  means  are  needed  to  optimize  the  crystal  growth 
process  in  order  to  produce  crystals  with  minimal  segregation.  The  vertical  gradient  freezing 
process  using  a  submerged  heater  in  a  combination  of  steady  magnetic  and  electric  fields 
produced  crystals  with  axial  uniformity  and  with  little  radial  segregation.  The  vertical  Bridgman 
process  in  rotating  magnetic  fields  also  produced  crystal  with  axial  uniformity  and  with  little 
radial  segregation,  but  a  crystal  growth  in  combination  of  magnetic  and  electric  fields  with  the 
equivalent  parameters  produced  a  crystal  with  less  segregation.  Investigations  of  magnetic 
liquid-encapsulated  Czochralski  crystal  growth  in  rotating  magnetic  fields  are  in  progress  and 
preliminary  results  indicate  that  this  is  a  promising  means  to  minimize  radial  segregation. 
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